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Abstract. Mobile health education applications (MHEAs) are used to support 
different users. However, although these applications are increasing in number, 
there is no effective evaluation framework to measure their usability and thus 
save effort and time for their many user groups. This paper outlines a useful 
framework for evaluating MHEAs, together with particular evaluation metrics: 
an efficient hybrid of selected heuristic evaluation (HE) and usability evaluation 
(UE) factors to enable the determination of the usefulness and usability of 
MHEAs. We also propose a guidance tool to help stakeholders choose the most 
suitable MHEA. The outcome of this framework is envisioned as meeting the 
requirements of different users, in addition to enhancing the development of 
MHEAs using software engineering approaches by creating new and more 
effective evaluation techniques. Finally, we present qualitative and quantitative 
results for the framework when used with MHEAs.  
Keywords: Evaluation Framework · Usability Evaluation · Heuristic Evaluation 
· Metrics · Stakeholders.
1 Introduction 
Enhancements in mobile technology have enabled the development of a wide range of 
applications that can be used in many aspects of people’s lives [1]. An example of these 
mobile applications is mobile health education applications (MHEAs). MHEAs are 
widely utilized by a range of different stakeholders. Moreover, these different 
stakeholders vary in the type of knowledge and background they possess: some are 
specialists and some are not (mixed users). These different stakeholders need to be able 
to use the software easily, which is referred to as considering the usability and having 
an effective framework for the applications. MHEAs are utilized to develop the 
knowledge of health professionals and patients in order to improve health [2], [3]. 
Patients need to expand their own health education to ensure consistent development of 
their health, with support for their well-being coming with MHEAs. Learning and 
training around health difficulties are progressively substantial issues, mainly as more 
people are living longer; long life enlarges the scale and complexity of the care of health 
and well-being [5]. Several areas are covered by health education, such as learning how 
to manage life in an acceptable way, how to oversee health requirements without 
difficulty and how to obtain appropriate treatment [6]. In addition to requirements from 
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the patient side, health professionals can enquire about updating their own medical 
knowledge and other needs. 
The small size of a mobile phone can, however, cause various problems, such as 
battery life and interface restrictions, which reduce the user experience as well as the 
quality of the service [8]. Contemporary research by the National Health Service (NHS) 
has highlighted that mobile health (mHealth) apps can have risks corresponding to the 
mechanical failure of supplementary medical devices, such as faulty design, and user 
error, among other safety issues [9]. These faults occur as an outcome of the number of 
MHEA software developers who do not apply an appropriate framework/model in the 
evaluation of the usability of their apps to certify that they meet certain requirements, 
such as enabling health education for patients and health professionals. This emphasizes 
the lack of an effective framework to evaluate these apps to safeguard the meeting of 
the requirements of the different stakeholders [2], [3], [4]. The authors of recent work 
[10], [11] have shown the significance of using heuristic evaluation. Moreover, in this 
research, we are not looking to the effectiveness of MHEAs in improving health; we 
are considering their usability as an interface. 
2  Why Constructing a Framework is Important 
In this second section of the paper, we now consider why there is a need to construct a 
framework for MHEAs. First, the focus of numerous researchers on creating usability 
evaluation (UE) metrics in recent decades was not specifically on MHEAs, it was on 
general systems and principally on web applications [20, 21]. Second,  Coursaris and 
Kim underline in their research [17] the lack of empirical research into the importance 
of user characteristics as a central point and the impact of the environment on mobile 
usability. However, they indicate in their paper that the usability possibilities 
considered in mobile studies have had no subjective research [17]. This highlights the 
lack of a structured approach to measuring, enhancing and ranking the usability of 
mobile applications in general and MHEAs in particular. Third, usability is a 
progressively significant area of development for mobile phones, as it is essential to 
avoid certain problems [22]. Fourth, and most importantly, according to Coursaris and 
Kim [17], within the context of this type of mobile computing environment, there is no 
appropriate UE framework. This demonstrates the necessity of our research, which 
contains the construction of an evaluation framework for MHEAs. Moreover, as sales 
have risen sharply (by 10% during 2012/2013 [16]), this has seen the development and 
usage of mHealth applications growing markedly since 2013: over 36% of all mHealth 
applications in 2014 were released the previous year [15]. According to Dubey et al. 
[14], usability inspections benefit from certain types of methods, such as surveys, 
logging, and interviews. Lastly, the number of mHealth apps is rising at a significant 
rate: more than doubling in the year between 2015 and 2016 by 57% to 259,000 apps 
[7]. 
2.1 The Importance of Usability for Mobile Health Education Applications  
Mobile applications are a significant development area in current computing [12]. 
According to Hernandez-Munoz and Woolley [13], mobile phones are fundamental 
devices for the general population, which indicates that many people depend on them 
for a wide range of aspects of their daily lives, such as transportation and health 
education. Recent investigation demonstrates that one in every five people in the world 
uses a smartphone [18]. Current estimates are that in 2014 about 497 million mobile 
phones were in use and that smart devices characterized 26% of these [19]. This 
suggests the increasing usage of mobile phones, reflecting a wide growth in the 
potential for having extra applications utilized. This emphasizes the significance of 
being able to rank and distinguish the usefulness of apps. One of these vast areas of 
applications is MHEAs, which are utilized by various stakeholders from different 
backgrounds for several aspects of their lives under the umbrella of health education. 
This emphasizes the need to identify what the different stakeholders require, in order 
to be able to measure MHEAs from the viewpoint of usability. 
3 The Methodology of Selecting Usability Metrics for the 
Framework  
Heuristic evaluation (HE) and UE have been applied in many respects [2], [10]. In the 
early stage of our research, we depended on the literature in selecting usability metrics 
on the method of general sets have been hybrid selected from HE and UE [2]. Moreover, 
we proposed a specific set depending on the literature and then made a hybrid selection 
of metrics taken from HE and UE metrics, proposed and filtered by conducting 15 
selected interviews with health professionals (HP), software developers (SD) and 
patients (P).  
 With the original selection of metrics, an analysis of data from the 15 interviews 
(with HPs, SDs and Ps) demonstrated the necessity of modifying some of the metrics 
originally selected because they did not fully match the user requirements identified 
during the interviews. Some of the metrics were not necessary to the requirements, 
although some of the metrics were required to be complementary to our proposed 
hybrid selection. 
3.1 Hybrid Metrics   
We categorized and systematized our hybrid selection of HE and UE metrics as follows: 
A) Memorability, B) Features, C) Attractiveness, D) Simplicity (containing 
learnability), and E) Accuracy. These metrics are clarified in Figure 1 [3].  
Through the performance of the 15 unstructured interviews, we obtained an 
improved hybrid of five selected metrics: (A) Memorability, (B) Features, (C) 
Attractiveness, (D) Simplicity (containing learnability), and (E) Accuracy. Obtaining 
an improved hybrid of selected metrics supported us in mapping actual questionnaire 
questions to specific metrics, the intention being to allow us to assess usability issues 
for MHEAs accurately. Moreover, the interview questions were designed for two 
outcomes: the ranking of existing MHEAs and as an aid to designing a prototype. 
4 Hybrid Evaluation Framework  
The framework passed through three design stages as the research progressed: the first 
design is illustrated in Figure 1 [2]; the second design is presented in Figure 2 [3]; and 
the third design is shown in Figure 1 [4]. This paper focuses on the third design. 
The third design of the framework includes the first and second designs, modifying 
the last part of the framework as a tool to guide the selection of MHEAs based on 
usability criteria. This design imitates the first two experiments we carried out in our 
framework: first, unstructured interviews were conducted with different stakeholders 
(HPs, Ps and SDs), which directed us to a hybrid of metrics selected to meet the 
stakeholders’ requirements; second, a questionnaire was distributed based on mapping 
between the results of the unstructured interviews and the questionnaire topics.   
However, for this design, the purposes identified from the questionnaire were  
amended slightly to ranking existing MHEAs, as well as the development of a tool to 
assist different stakeholders choose between various MHEAs depending on their 
requirements. The selection tool was based on data from the analysis of the feedback to 
the questionnaire.  The design is shown in Figure 1.  
 
Fig. 1. Evaluation framework. 
5 Hypothesis 
In this paper, we address two key questions: first, is it possible to construct an effective 
evaluation framework by developing an efficient hybrid of HE and UE metrics in order 
to measure the usability of MHEAs? Second, is it possible to use this evaluation 
framework to identify current issues and effectively improve the design of MHEAs? 
The hypothesis that we can develop from the above is whether we can distinguish 
between MHEA packages using the framework displayed in Figure 1: 
 H1 (the hypothesis) is that there is a classifiable difference between some MHEA 
packages.   
 H0 = null hypothesis = there is no difference between some MHEA packages. 
6 Qualitative Comparison Results for the Framework  
Following the gathering of data from 15 unstructured interviews (five with health 
professionals, five with patients and five with software developers), we analyzed the 
responses from all three sets of interviewees to detect their most important requirements 
when using MHEAs. Our results are shown in Figure 2 as gathered from all of the 
stakeholder categories, distributed by HP, P and SD and detailed below. 
The most important metric to be measured in meeting the requirements of health 
professionals, patients and software developers is (D) Simplicity, showing the highest 
chart bar. In second place is (B) Features, showing the second-highest chart bar. Third 
is (E) Accuracy, showing the third-highest chart bar. In fourth place is (A) 
Memorability, showing the fourth-highest chart bar. In last place is (C) Attractiveness, 
showing the lowest chart bar. These results assist us in stating that the most important 
metrics for health professionals, patients and software developers when using MHEAs 
are (D) Simplicity and (B) Features. 
 
Fig. 2. Interview results measuring the requirements of patients, health professionals 
and software developers for the five metrics considered  
7 Quantitative Comparison Results for the Framework 
Following data collected from a questionnaire completed by 81 participants distributed 
into equal sample sizes for each of the three categories (27 health professionals, 27 
patients and 27 software developers), we obtained the outcomes from the analysis of 
the overall feedback, identifying that different stakeholders preferred different metrics 
within the same MHEA. The radar plot in Figure 3 demonstrates that health 
professionals – of all the stakeholder categories – most preferred using Medscape for  
its (A) Memorability, (B) Features and (D) Simplicity. Patients/general public were in 
second place, most preferring to use Medscape for the (C) Attractiveness metric. 
Software developers were in third place for most preferring to use Medscape for the (E) 
Accuracy metric. Furthermore, from the T-test we carried out between HPs and SDs, 
we obtained a P-value of 0.042, which is less than 0.05. Thus there is a statistically 
significant difference between HPs and SDs with regard to what metric they preferred. 
This suggests that we can differentiate between the different stakeholders in terms of 
what metrics they prefer. 
 
Fig. 3. Medscape app ranking the comparison of the five metrics considered by HP, 
SD and P/General public  
 
The whisker chart in Figure 4 illustrates some of the results from our work in applying 
the framework. Observing the patterns in the whisker chart, we can identify visual 
differences between the three applications, providing evidence that the framework can 
differentiate between these three types of MHEA. Moreover, focusing on the first 
MHEA - Epocrates - on the A) Memorability metric, we can see that the average is 3.5, 
the median is 3, the lower quartile is 2 and the upper quartile is 5. Furthermore, by 
comparing the A) Memorability metric pattern from Epocrates with the other MHEA 
A) Memorability patterns, we can identify the differences between the average, median, 
lower quartile and upper quartiles. Finally, from the T-test between the A) 
Memorability metric from Epocrates with the A) Memorability metric from Medscape, 
we obtained a P-value of 0.045, which indicates that there is a significant difference 
between the two MHEAs within the A) Memorability metric. This shows that we can 
differentiate between these MHEA packages.  
 
Fig. 4. Comparison of all users’ scoring of three MHEAs for the five metrics 
considered  
8 Conclusion and Contribution 
Different stakeholders utilize MHEAs for various critical purposes. If an MHEA does 
not offer users the opportunity to save time and effort, or simplify their understanding 
of health matters, it will not be utilized effectively. This is part of the broader goal of 
satisfying the user requirements of patients, health professionals and their different 
partners. This paper has demonstrated how HE and UE metrics can offer an effective 
technique to solve the above-stated problem. 
 Moreover, this paper has explored the ability to improve MHEAs through 
evaluating them in the initial stages of software design. In this case, our hybrid of five 
selected usability metrics - Memorability, Features, Attractiveness, Simplicity and 
Accuracy - can be enhanced to expand the probability of these apps being successful 
and useful. This type of framework can be employed as an evaluation tool for several 
types of mobile app. The focus in this paper is on highlighting the structure of the 
evaluation framework for MHEAs by depending on a hybrid selection of metrics (HE 
and UE), combining five metrics selected from a larger set of heuristic and usability 
evaluation factors, and examining them based on interviews with health professionals, 
patients, and software developers. The five metrics parallel specific aspects of usability 
acknowledged through a requirements analysis of typical users of mobile health apps. 
The five metrics were broken down into 24 specific questionnaire questions. The 
intention of this project is to construct a set of tools for the evaluation of MHEAs to 
enable them to be ranked, and thus assist different stakeholders (such as patients and 
health professionals) to choose apps that are most suitable for them. Moreover, the 
evaluation framework proposed can offer guidance on system specifications as well as 
different user requirements for the software developers of mobile health apps. Finally, 
we concluded some quantitative and qualitative results in this paper by highlighting the 
ability to distinguish between MHEAs from the usability side using our framework, 
which will help us in further research steps to develop a prototype for the guidance tool. 
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